We study the quasinormal mode of the perturbation of the scalar field interacting with the electromagnetic field in the backgrounds of Schwarzschild AdS black hole, the Reissner-Nordstrom AdS black hole and the Born-Infeld AdS black hole. We disclose influence by the electric charge Q, the coupling between the scalar and electromagnetic field q and the Born-Infeld parameter b on the quasinormal frequencies of the scalar perturbation. We observe the possible growing mode in the perturbation when the scalar field strongly couples to the electromagnetic field. When the electromagnetic field becomes nonlinear described by the Born-Infeld electrodynamics, the nonlinearity described by the Born-Infeld parameter can hinder the growing mode to appear in the scalar perturbation. The quasinormal mode of the scalar field perturbation can help us further understand the physics in the holographic superconductor.
I. INTRODUCTION
Quasinormal mode (QNM) describes the perturbations in the surrounding geometry of a black hole. Its frequency is entirely fixed by the black hole parameters. The QNM is believed as a unique fingerprint of the black hole existence (for reviews on this topic, see [1] [2] [3] [4] and references therein). In the last decade, QNM has become an intriguing subject. It can serve as a testing ground of fundamental physics. It is widely believed that the study of QNM can help us get deeper understandings of the AdS/CFT [3] [4] [5] [6] [7] , dS/CFT [8] correspondences, loop quantum gravity [9] , the phase transition of black holes [10] and the extra dimension [11] etc.
In most studies of the QNM, the wave dynamics of a single classical field propagating outside the black hole is taken into account. For a stable black hole background, the perturbation of a single classical field will die out finally due to the black hole absorption. Recently more interest has been focused on the strongly coupled theory by considering the Einstein-Maxwell field interacting with a charged scalar field. It has been shown that the bulk AdS black hole can become unstable and scalar hair can condense below a critical temperature. In the light of AdS/CFT correspondence, it was realized that the instability of the bulk black hole corresponds to a second order phase transition from normal state to superconducting state which brings the spontaneous U (1) symmetry breaking [12] . Along this line, there have been a lot of investigations concerning the application of AdS/CFT correspondence to condensed matter physics by considering interactions among classical fields [13] - [38] . It was found that the QNM can be an effective tool to disclose the second order transition between a non-superconducting state at high temperatures and a superconducting state at low temperatures.
In this work we will consider the nonlinear extension on the gauge fields in Einstein-Maxwell theory and investigate the perturbation of the scalar field in interaction with the nonlinear electromagnetic field. Recently in the bulk Schwarzschild AdS black hole and the AdS Gauss-Bonnet black hole backgrounds, the effect of the Born-Infeld electrodynamics on the holographic superconductor has been investigated in [39] . To see exactly how the higher derivative corrections to the gauge matter fields influence the perturbation around the bulk black hole and make the scalar field condense, we are going to examine the QNM of the scalar perturbation when it is coupled with the Born-Infeld electromagnetic field. In our investigation we will adopt the AdS Schwarzschild and the AdS Born-Infeld black hole solutions as backgrounds.
The structure of the paper is as follows: In Sec.II, we will introduce the action and deduce the Einstein equation and equations of motions describing the nonlinear electromagnetic field and the charged scalar perturbation in the five-dimensional AdS Schwarzschild and Born-Infeld black hole spacetimes. In Sec.III, we will present the numerical results and disclose the properties of the QNM of the scalar perturbation when it is coupled with the nonlinear electromagnetic field. We will summarize our results in Sec.IV.
II. ACTION AND BASIC EQUATIONS
The general action describing the Einstein-Born-Infeld field interacting with a charged scalar field in the five-dimensional AdS background has the form
where κ is the five-dimensional gravitational constant κ 2 = 8πG 5 , and G 5 is the five-dimensional Newton constant, g is the determinant of the background black hole metric, R is the Ricci curvature, l describes the AdS radius, q is the coupling between the electromagnetic field and the scalar field, and m indicates the mass of the scalar field. Here b is the Born-Infeld parameter. In the limit b → 0, the Born-Infeld electrodynamics reduces to the Maxwell theory.
We assume a static black hole with the metric
where
Its Hawking temperature, which will be interpreted as the temperature of the CFT, has the form
where r h is the radius of the black hole horizon.
For a static solution, we assume that the electromagnetic field and the scalar field take the forms
Varying the action (1) with respect to the metric g µν , we can obtain the Einstein equations
The prime denotes the derivative with respect to r.
In the probe limit when κ 2 → 0, the solution of the Einstein equation gives the Schwarzschild AdS black hole with
where r h is the black hole horizon obtained from f (r h ) = 0.
For the nonzero parameter κ 2 , we take the backreaction of classical fields onto the spacetime into account.
In studying the perturbationof the massless scalar field Ψ(r) around the black hole, we can reduce Eq.(4) into
If we know the behavior of the electromagnetic field, we can obtain the black hole metric from the above Einstein equations.
The equation governing electromagnetic field can be obtained by varying the action (1) with respect to φ,
Considering the perturbation of the massless scalar field Ψ(r), Eq.(6) reduces to
Doing the rescales
where the first symmetry guarantees χ(r) = 0, the second symmetry sets AdS radius as unity, the third one relates the backreaction to the charge of the scalar field and we can set κ = 1 without loss of generality when the backreaction is not null.
Substituting χ(r) = 0 , Eq.(7) becomes
We can solve this equation of motion of the electromagnetic field analytically, which reads [40] φ(r) = U + Q r 2 2
where Q and U are integral constants, U can be eliminated by the constraint at the horizon, φ(r h ) = 0,
At infinity, Eq.(10) asymptotically behaves as
In the limit b → 0, Eq. (9) is reduced to
which is the equation of motion of the electromagnetic field in the Maxwell theory. The solution reads
Substituting Eq. (10) into Eq. (5), the differential equation of f (r) is rewritten as
which has an analytical solution
After the integration, we obtain
where P is the integration constant determined by the boundary condition at the horizon r h ,
Eq. (14) is exactly the solution of the five-dimensional Born-Infeld-Anti-de sitter(BIAdS) black hole described in [40] . Taking the limit b → 0, Eq.(12) changes into
which gives the Reissner-Nordstrom AdS black hole with the metric coefficient
Thus in contrast to the bakcground in the probe limit Eq. (5), we can see that the backreaction of the electromagnetic field on the Einstein gravity makes the black hole charged.
Now we consider the scalar field perturbing around the AdS black hole background (2), we have the wave equation of the charged scalar field directly from the action
where we have separated the radial part of the scalar field into Ψ(r) = ψ(r)e −iωt . Here ω indicates the frequency of the perturbation.
Near the black hole horizon r ∼ r h , we can impose the incoming wave boundary condition
Introducing a new variable ϕ, we separate ψ(r) = ℜ(r)ϕ(r) where 
with
At the spatial infinity r ∼ ∞, ϕ(r) behaves as
We choose ϕ − = 0 in our following discussion, so that we can only relate the scalar operator in the field theory dual to the branch ϕ + to describe the condensation.
We can set the boundary conditions at the horizon
to solve Eq. (20) . (23) and imposing ϕ − = 0 at infinity, we can calculate the frequency ω of the scalar perturbation. We will carry out the numerical computation by using the shooting method and disclose the properties of the QNM of the massless charged scalar perturbation when it is coupled to the nonlinear electromagnetic field.
III. NUMERICAL RESULTS
In this section we present our numerical results of the scalar perturbation. We will first focus on the perturbation in the background of the Schwarzschild AdS black hole. When there is no coupling between the scalar field and the electromagnetic field, namely q = 0, we can reproduce the QNM of the single scalar field perturbation obtained in [41] . This shows that our shooting method is effective in the numerical calculation.
Now we turn on the coupling parameter q, the quasinormal frequencies of the scalar perturbation when it is coupled with the electric field around the Schwarzschild AdS black hole are listed in table I. In obtaining the numerical results, we have fixed the black hole size r h = 0.1 and the charge of the electromagnetic field Q = 0.1. When b = 0, our result goes back to [42] . For other fixed nonzero Born-Infeld parameter b, we see the same qualitative feature that with the increase of the coupling parameter q, both the real part and the absolute value of the imaginary part of the quasinormal frequencies become smaller. This shows that when the coupling between the scalar field and electromagnetic field is stronger, the scalar perturbation on background spacetime decays slower. When q is large enough, the imaginary part of the QNM can become positive which indicates that the background spacetime becomes unstable. To see the nonlinear effect of the electromagnetic field, we can fix the coupling parameter q and find that with the increase of the parameter b, both the real part and the absolute value of the imaginary part of the quasinormal frequencies become bigger.
This shows that when there is coupling between the scalar field and the electromagnetic field, the nonlinearity of the electromagnetic field can influence the scalar field perturbation and make it decay faster. Furthermore we observe that when the Born-Infeld parameter is bigger, it needs stronger coupling q to destroy the bulk spacetime to make it unstable.
From now on we concentrate on the Born-Infeld AdS black hole spacetime.When the Born-Infed parameter tends to zero, the spacetime boils down to the Reissner-Nordstrom AdS black hole. For the Reissner-Nordstrom
AdS black hole, we know that there is an upper bound of the electric charge contained inside the black hole,
κ . For the Born-Infeld AdS black hole, this extreme charge Q ex can be calculated numerically.
When we choose the coupling parameter q between the scalar field and the electric field to be zero and the Born-Infeld parameter b = 0, we can obtain the QNM for the single scalar perturbation in the ReissnerNordstrom AdS background as listed in table II, which is consistent with the computation in [6] . When Now we turn on the coupling between the scalar field and the electromagnetic field. In the ReissnerNordstrom AdS background, when the Born-Infeld parameter is zero, the scalar perturbation coupled with the electromagnetic field was studied in [42] . Here we present the property of the QNM of the scalar field with the change of its coupling strength with the electromagnetic field and the electric charge of the ReissnerNordstrom black hole. Our numerical results are shown in table IV. We find that for the nonzero q, the absolute value of the imaginary part of the quasinormal frequency does not keep on increasing with the increase of the black hole charge as we observed when q = 0. It first decreases and then increases when the black hole becomes more charged. When the strength of the coupling q is big enough, the imaginary frequency will keep on increasing with the increase of the black hole electric charge until it jumps to be positive, showing that the background spacetime becomes unstable. The real part keeps the same property as the case when q = 0, it continues to decrease with the increase of the black hole charge, except for the big enough q it becomes unphysical when the spacetime is destroyed. This property can be seen clearly in Fig.1 . From the above discussion, we learnt that the QNM of charged scalar field perturbation in the AdS back-ground is influenced by the electric charge Q, the coupling q between the scalar field and the electromagnetic field and the Born-Infeld parameter b. To see more clearly the combined influence, we list our numerical results of the quasinormal frequencies in table V and table VI and compare with earlier result presented in table I .
For the chosen value of q, we see that the real part of the frequency keeps increasing when the Born-Infeld parameter becomes bigger. The imaginary part of the frequency does not change monotonously. As shown in (8), we can see when q is bigger, the backreaction becomes weaker. Thus as q increases to be big enough the behavior should be similar to that in the probe limit. The property described above is shown in fig.4 . 
IV. SUMMARY
In this work we have studied the QNM of the perturbation of the scalar field interacting with the electromagnetic field in the backgrounds of neutral AdS black hole, the Reissner-Nordstrom AdS black hole and the Born-Infeld AdS black hole. We have disclosed rich physics brought by the electric charge Q, the coupling between the scalar and electromagnetic field q and the Born-Infeld parameter b on the quasinormal frequencies of the scalar perturbation. Different from the single classical field perturbation, which always has the decay mode in the black hole background, we observed the possible growing mode when the perturbation of the scalar field strongly couples to the electromagnetic field. This indicates that the interaction among classical fields can destroy the background spacetime. In the language of the AdS/CFT, this is due to the condensate of the scalar field on the black hole background and there is a second order transition between a non-superconducting state at high temperatures and a superconducting state at low temperatures. Our results disclose the signature of how this phase transition happens from the phenomenon of the perturbation.
When the electromagnetic field becomes nonlinear described by the Born-Infeld electrodynamics, the nonlinearity described by the Born-Infeld parameter can hinder the instability to happen in the scalar perturbation around the background spacetime. The QNM behavior of the scalar field disclosed here can help us further understand the physics in the holographic superconductor.
